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‘is.  ABSTRACT  (M*Mimum200worai) 

we  have  demonstrated  high  power,  high  RP  efficiency  ® 

ssemiconductor  waveguide  modulator  based  upon  Franz -Keldysh  Effect  (R^) 
modulation  at  1.3  urn  wavelength.  The  modulator  has  been  operated  ^^^h  a 
multi-octave  spurious  free  dynamic  range  (SFDR)  of  106  dB-Hz,  an  a  s  g 
octave  SFDR  o/l24  dB-Hz.  These  results  have  been  found  to  be 

f^<»fiuencv  UD  to  4  GHz .  We  have  studied  and  designed  the  waveguide  modulator 
based  upon  a  combination  of  FKE  and  Quantum  confined 

enhancing  the  link  linear  dynamic  range.  We  have  also  demonstsrated 
function^analog  receive /transmit  operation  for  the  semiconductor 
electroabsorption  modulator.  We  have  demonstrated,  by  us ting  the  i 
voltage  to  the  waveguide  device,  it  can  operate  as  an  effective  high 

thick  multiple  quantum  well  r«gion  can  be  grown. -  I  ».  humW.  6f  p'^ir 
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AASERT  Progr,am  Title:  Strained-Layer  Multiple  Quantum  Wells  for  High  Linearity 
Modulation 

AASERT  Contract  No.:  F49620-94-01 1 1 
Report  Period:  December  31, 1993  -  March  31, 1997 

Principal  Investigator:  Professor  Paul  K.  L.  Yu;  University  of  California,  San  Diego; 

Dept,  of  ECE,  M/C-  0407;  La  Jolla,  CA  92093-0401; 

Tel:  (619)  534  6180; 

E-mail:  yu@ece.ucsd.edu 

Sponsoring  Scientific  Office:  AFOSR/NE 

Scientific  Officer:  Dr.  Alan  E.  Craig,  AFOSR/NE;  Tel  (202)  767-4984 


(1)  AASERT  Evaluation  Report 

(a)  Parent  DOD  Contract  No.:  F30602-91-C-01 12 

(Award  duration:  8/91-2/95) 

(b)  Total  amount  of  funding  in  the  parent  contract:  $700,000 

There  are  three  equivalent  graduate  students  annually  supported  by  the  parent 
contract  prior  to  the  AASERT  award 

(c)  There  are  three  equivalent  graduate  students  annually  supported  by  the  parent 
contract  after  the  AASERT  award,  before  the  end  date  of  the  parent  contract. 

(d)  Total  amount  of  AASERT  funding:  $89,355 

There  is  presently  a  graduate  student,  Mr.  Robert  B.  Welstand,  supported  by  the 
AASERT  award.  Mr.  Welstand  is  scheduled  to  finish  his  Ph.D.  thesis  before 
summer,  1997. 

(e)  Certification  of  the  student  (see  next  page) 
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(2)  Final  Technical  Report 


Technical  Objective:  In  this  project  we  concentrated  on  (1)  the  development  the  growth 
of  high  quality  compressively  strained  InGaAsP/InGaAsP  multiple  quantum  wells 
on  InP  substrates  by  organometallic  vapor  phase  epitaxy  (OMVPE)  that  are 
suitable  for  waveguide  modulator  and  detector,  (2)  the  optimization  of  the 
linearity  performance  of  the  external  waveguide  modulators  based  upon 
electroabsorption  effects  in  semiconductor  structures. 

Technical  Approach:  The  studies  involve  the  study  and  design  of  semiconductor 
material  structures  grown  by  OMVPE.  Grown  layers  are  characterized  by  the  X- 
ray  diffractometry,  the  photoluminescence  spectroscopy,  and  optical  transmission 
spectroscopy.  Device  modeling  is  carried  out  in  conjunction  with  the  material 
properties.  Waveguide  modulators  are  fabricated  and  tested  in  a  RF  fiber  optic 
link  configuration. 

Summary  of  Accomplishments  in  this  program: 

We  have  the  following  accomplishments  in  this  program; 

1.  We  have  demonstrated  high  power,  high  RF  efficiency  (-17.8  dB)  analog 
semiconductor  waveguide  modulator  based  upon  Franz-Keldysh  Effect  (FKE) 
modulation  at  1.3  jim  wavelength.  This  is  achieved  with  up  to  43  mW  optical  power 
incident  to  the  modulator.  The  modulator  has  been  operated  with  a  multi-octave 
spurious  free  dynamic  range  (SFDR)  of  106  dB-Hz  and  a  single  octave  SFDR  of 
124  dB-Hz'^^  These  results  have  been  found  to  be  independent  of  frequency,  up  to  4 
GHz.  The  highest  frequency  of  operation  of  the  modulator  is  beyond  30  GHz,  while 
the  packaged  devices  are  tested  up  to  13.6  GHz.  (Pub.  #4-#7,  #12) 

2.  We  have  studied  and  designed  the  waveguide  modulator  based  upon  a  combination  of 
FKE  and  Quantum  confined  Stark  Effect  (QCSE)  for  enhancing  the  link  linear 
dynamic  range.  Preliminary  model  show  that  a  multi-octave  SFDR  of  120  dB-Hz^^  is 
possible  for  an  optimized  structure  combining  both  effects.(Pub.  #9 ,#10) 

3.  We  have  also  demonstrated  a  dual  function  analog  receive/transmit  operation  for  the 
semiconductor  electroabsorption  modulator.  We  have  demonstrated,  by  adjusting  the 
bias  voltage  to  the  waveguide  device,  it  can  operate  as  an  effective  high  saturation 
photodetector  as  well  as  an  effective  modulator.  The  waveguide  photodetector  can  be 
operated  with  more  than  20  mA  of  photocurrents  and  generated  low  harmonic  signals. 
(Pub.  #1 1) 
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4.  We  have  also  demonstrated  the  first  high  quality  strained  compensated  multiple 
quantum  well  InGaP/InAsP  materials  at  both  1.3  and  1.5  |xm  wavelength.  Up  to  one 
micrometer  thick  multiple  quantum  well  region  can  be  grown  without  degradation  in 
the  optical  properties  of  the  materials.  These  materials  will  be  further  studied  for  high 
power  waveguide  modulator  designs.  (Pub.  #l-#3,  #8) 
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7.  “High  Dynamic  Range  in  Electroabsorption  modulator  for  Analog  links",  by  R.  B. 
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(3)  Financial  Report 
(To  be  provided  by  OGSR) 


(4)  Invention  Report 

(to  be  provided  by  OGSR:  there  has  been  no  invention  in  this  project) 
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Deoartment  of  Defense  (DOD)  requires  certain  information  to  evaluate  th^ 
e- feet‘s- veness  of  the  T^J^SERT  program.  By  acceptxng  this 

fostows  the  AASERT  funds,  the  Grantee  agrees  to  provide  the  J 

-»5upsted  below  to  the  Government's  technical  point  of  contact  by  each  annual 
Anniversary  of  the  AASERT  award  date. 

l.  Grantee  identification  data:  (R  e  T  and  Grant  numbers  found  on  Page  1  of  Grant) 
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University  Name 
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d. 


AFSOR  F49620-94-1-0111 
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R  &  T  Number 
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f-nd^ng  the  Parent  Agreement  and  the  number 

/.-  '  AAr.  graduate  students  (FTEGS)  supported  by  the  Parent  Agreement  dur  *g 
12 -month  period  prior  to,  the  A-4SERT  award  date. 


Funding : 
Number  FTEGS : 


S  700.000 
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